We present a study of short period MnTe/CdTe superlattices by magnetic resonance. The usually antiferromagnetic structure exhibits critical line broadening above the Neel temperature typical of antiferromagnetic ordering, but also some ferromagnetic properties at lower temperature. We suggest that the observed ferromagnetic-like moment originates from coupling of the moments of the recently proposed strong magnetic polarons. PACS numbers: 71.35.+z, 75.30.Et, 75.70.Fr Recently, in EPR experiments on periodic 2D antiferromagnetic stuctures consisting of alternating layers of CdTe and MnTe [1] we observed super-paramagnetic moments which we interpreted in terms of strong magnetic polarons (SMP), a new type of bound polaron [2] , which, according to our suggestion, results from the local breakdown of antiferromagnetism due to the ferromagnetic double-exchange d-sp-d interaction [3] in the neighborhood of an acceptor. This concept resolves also an older question: earlier, the observed easily saturable polarization of luminescence [4, 5] was attributed to the creation of a magnetic polaron by polarization of free carriers by local spins. The time constant for the "creation" of these polarons was observed, however, in the femtosecond range [6] , although the spin-lattice relaxation in these compounds is longer by orders of magnitude [7] . Within the SMP model, this puzzle can be resolved: the polarization of the photoluminescence is caused by the persistent SMPs which act as spin selective recombination centers, and the kinetics is limited only by the very fast capture of free carriers [2] . The SMP-EPR, however, was observed only if the number m of MnTe monolayers within one superlattice period doe8 not exceed 4, whereas the strong circular polarization of photoluminescence (PL) is found also in a much bigger class of the 2D stuctures.
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The results presented in this paper shed some light on the reasons why paramagnetic resonance due to the moments of the magnetic polarons cannot be observed for m > 4. Fora sample with m = 5, we found a peculiar magnetic resonance which appears only if a magnetic field is applied during cooling the sample through the Néel temperature. The character of this resonance indicates long range ordering of the local polaron moments. Due to the coupling of the magnetic polarons to the surrounding spins of the antiferromagnetic layer, the polaron moment is no longer independent and (super)paramagnetic, but becomes part of a macroscopically ordered system.
The sample with m = 5is the only sample for which a ferromagnetic-like resonance has been observed. Among 15 samples of superthin MnTe/CdTe superlattices, no other sample exhibited similar behavior. Nevertheless, the temperature dependence of the EPR signal clearly indicates that the signal originates from the antiferromagnetic multi-layer structure with its characteristic Néel temperature. Moreover, the discussed sample constitutes the border between samples exhibiting at low temperature the real paramagnetic signal and those exhibiting no EPR signal due to polarons. A few other samples show a polaron-like signal which appears after cooling the sample under magnetic field but, in contrast to the sample with m = 5, which shows a single, strong resonance line, those samples exhibit several weak, remanentlines.
Experimental results for the sample with m = 5 are shown in Fig. 1 . No resonance is observed if the sample is cooled down without any external magnetic field, Η . If the sample is cooled under magnetic field, the magnetic resonance appears, characterized by a single line with a g-factor higher than 2. The peak-topeak line amplitude, Αpp , depends on the magnitude of the external field applied during cooling, Ηc , w h i l e t h e i n t e g r a t e d i n t e n s i t y ( e q u a l t o Άp p Δ Η 2 , w h e r e Δ Η i s t h e linewidth) is constant. The decay of the resonance amplitude is thus caused by line broadening only. In Fig. 1a , the linewidth of the magnetic resonance is shown. With decreasing Ηc the linewidth increases and the amplitude decays, tending to zero at Η 2 kG. The critical behavior close to the critical fleld of 2 kG is clearly evident. For lower Η only a very weak residual resonance can be detected.
After cooling down under high magnetic field to 5 K, the line is observed at a resonance field of 2 kG. The corresponding g-factor is 3.2. When the sample is cooled at a lower field, the resonance field slightly decreases. These results are shown in the inset to Fig. la .
The temperature dependences of the resonance field and the linewidth, measured during a slow warming process, are shown in Figs. 1b and lc, respectively. With increasing temperature, the line shifts to higher resonance fields. Around 60 K, a critical behavior is seen: the resonance field increases sharply below 60 K, followed by a constant line position (with g = 2) at higher temperatures. This temperature value fits the Néel temperature expected for 2D MnTe layers [8] . The antiferromagnetic ordering below 60 K is corroborated by the temperature dependence of the linewidth at temperatures above 60 K. Figure lc indicates the critical line broadening, characteristic of the para-antiferromagnetic transition.
The temperature dependence of the integrated line intensity differs qualitatively from that observed for stuctures with m < 5 which exhibit pure paramagnetic behavior, i.e., the EPR intensity is inversely proportional to the temperature. For the sample with m = 5 the resonance intensity is, within experimental error of about 40%, temperature independent, suggesting a saturation of the magnetic moment. This behavior is characteristic of a ferromagnetic resonance.
Below 60 K the line position, the linewidth, and simultaneously the line amplitude are influenced both by the cooling field and the temperature. The EPR spectra depend on the sample treatment prior to measurement, and in particular on the time the sample remains at intermediate temperatures. Moreover, the magnetic system of the investigated sample is not really persistent, and in the temperature range of 30-60 K a variation of the linewidth in time can be observed. These properties strongly indicate that at low magnetic field and low temperatures the magnetic moments tend to constitute a disordered system, similar to a spin glass. Apart from the mentioned spread of the characteristic times, also the following properties indicate the spin glass character: (i) the broadening of the resonance line, caused by fluctuations of the resonance frequency, which reflects the characteristic glass-like disorder and (ii) sensitivity of the low-field state on the external magnetic field. Apparently a field of 2 kG is strong enough to order the system. Summarising, the experimental results show that the investigated short period MnTe/CdTe superlattice exhibits unusual magnetic properties. They reflect antiferromagnetic, ferromagnetic, as well as spin glass properties. As a possible explanation of these puzzling data we suggest that the observed resonance originates from acceptor-bound SMPs. Only a small fraction of the Mn spins contributes to the magnetization of the polarons, but since the susceptibility, and thus the sensitivity of the magnetic resonance increases with the square of the magnitude of the individual spins, the spectrum of the mesoscopic moments of magnetic polarons becomes observable. For the super thin layers (m < 5), where the antiferromagnetic order is weak, and of short range, the super-paramagnetic behavior is observed. For a thicker layer (m = 5) the polaron spins are no more paramagnetic. Each of the mesoscopic moments is coupled, via short range Mn-Mn coupling, to the long range ordered antiferromagnetic structure. This indirect coupling between the polarons is neither of ferro. nor of antiferromagnetic character. Instead it imposes rather a barrier which leads to the appearance of "viscosity" in the magnetic system, similar to that of spin glasses.
